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'  METHOD  OF  ACTION  OF  BACTERIAL  ENDOTOXINS 

I.  INTRODUCTION  TO  A  GENERAL  STUDY 


'  Annals  of  the  Pasteur  Institute 
Vol.  73,  No.  6,  1947,  pages  555-564. 


A.  DELAUNAY  and  J.  LEBRUN 


(A  paper  submitted  to  the  9  January  1947  meeting  of  the 
French  Microbiology  Society) 


I.  One  of  the  essential  components  of  gram-negative  bacteria  Is 
given  the  name  of  bacterial  endotoxins.  Various  chemical  methods  have 
been  developed  for  Isolating  them  from  these  bacteria.  The  first  In 
date,  which  Is  also  the  most  practical  one  —  although  not  the  least 
rough  one  —  Is  A.  Bolvin  and  L.  Mesrobeanu's  method  (precipitation  of 
the  bacteria  with  trichloroacetic  acid?.  Regardless  of  the  method  used, 
the  endotoxin  Is  finally  obtained  In  the  form  of  a  powder  easily  soluble 
In  distilled  water  or  In  physiological  water.  Experiments  performed  In 
the  laboratory  almost  always  use  aqueous  solutions  of  endotoxins. 

Today,  the  chemical  structure  and  the  various  properties  of  bac¬ 
terial  endotoxins  are  quite  well  known.1  From  the  chemical  point  of 
view,  they  are  made  up  of  special  complexes  that  always  contain  a  spe¬ 
cific  polysaccharide  (this  polysaccharide  is  what  ensures  the  specifi¬ 
city  of  an  endotoxin),  to  which  sometimes  lipid  substances,  sometimes 
polypeptides,  are  linked,  most  often  both  lipids  and  polypeptides.  At 
the  present  time.  It  Is  not  yet  known  precisely  whether  these  complexes 
represent  a  particular  fragment  of  the  bacteria!  cells  or  whether  they 
only  form  non-d i f ferent 1 ated  and  more  or  less  voluminous  parts  of  the 
microbes  concerned.  However,  the  second  hypothesis  appears  to  be  the 
more  likely.2 

Endotoxins  have,  In  common  with  ail  microblan  toxins,  two  great 
properties.  They  are  antigenic  and  they  are  toxic.  We  shall  s3y  no¬ 
thing  here  bbout  their  antigenic  power,  which  Is  unquestionable.  We  shall 
concentrate  ail  our  attention  on  their  toxic  power. 


II.  Endotoxins  do  not  seem  to  be  very  toxic  to  cold-blooded  ani¬ 
mals.®  We  were  able  to  Inject  several  milligrams,  even  several  multiples 
of  ten  milligrams,  of  typhus  endotoxin  In  frogs,  grass-snakes  and  fish 
without  killing  them.  Therefore,  these  animals  are  resistant  to  every 
mlcroblan  poison,  regardless  of  its  nature:  proteinic  (exotoxlns)  or 
gluco-l Ipo-polypeptldlc  (endotoxins) . 

i 

On  the  other  hand,  endotoxins  have  proved  to  be  toxic  to  every 
mammal  tested  so  far:  mice,  rats,  guinea-pigs,  rabbits,  sheep,  goats, 
horses,  asses,  dogs,  pigs,  etc.,  and  to  birds.  However,  the  lethal 
dose  appears  to  vary  considerably  from  one  case  to  another.  Among  birds, 
for  example,  the  pigeon  proves  to  be  much  more  resistant  than  the  chicken 
Important  differences  in  toxicity  to  mammals  are  also  observed. 

Thus,  mice  and  guinea-pigs  are  very  sensitive  to  endotoxins.  One 
tenth  of  a  milligram  of  poison  Is  sufficient  to  kl 1 1  a  20-gram  mouse  In 
a  few  hours.  The  lethal  dose  for  a  300-gram  guinea-pig  Is  of  the  na¬ 
ture  of  one  milligram.  It  is  generally  believed  that  rabbits  are  irre¬ 
gularly  sensitive.  At  times,  very  weak  doses  kill  them,  and,  at  times, 
high  doses  only  Induce  passing  disturbances  In  them.  Weight  for  weight, 
vats  prove  to  be  more  resistant  than  mice.  In  order  to  Induce  death  In 
a  few  hours  In  normal  rats  weighing  80  grams,  we  had  to  Inject  6  to  8 
•milligrams  of  typhus  endotoxin  subcutaneously.5  Finally,  man  seems  to 
be  most  particularly  sensitive,  since  one  thousandth  of  a  milligram  of 
the  same  toxin.  Introduced  In  his  skin,  causes  an  extremely  marked  local 
reaction,  and  sometimes  even  a  violent  general  reaction.6 

The  figures  that  we  have  Just  given  are  Interesting,  for  they 
show  that,  weight  for  weight,  endotoxins  are  much  less  toxic  than  exo¬ 
toxlns.  It  Is  known.  In  fact,  that  one  ten-thousandth  of  a  milligram 
of  diphtheria  protein-toxin  is  sufficient  to  kill  a  guinea-pig. 

Of  course,  the  dose  of  endotoxin  Injected  proves  to  be  all  the 
more  rapidiy  lethal  the  higher  it  Is,  and  It  Is  a  commonly  observed 
fact  that  Intravenous  and  I ntra peritonea  I  Injections  are  more  dange¬ 
rous  than  subcutaneous  injections.  In  turn,  an  Intracutaneous  injec¬ 
tion  is  probably  more  dangerous  than  a  subcutaneous  one. 

However,  right  here  several  fundamental  remarks,  to  which  we 
shall  frequently  have  occasion  to  refer  later,  must  be  mads  here. 

I.  Psgardless  of  the  germ  furnishing  it  —  Salmonella ,  colibacil¬ 
li ,  etc.  —  an  endotoxin  always  causes  the  same  picture  of  intoxication 
In  a  sensitive  organism.  For  a  given  amount  of  poison,  there  is  no  dif¬ 
ference  between  the  clinical  picture  that  follows  the  Injection,  for 
example,  of  a  cholera  endotoxin  in  an  animal  and  the  clinical  picture 
occurring  in  an  animal  treated  with  a  typhus  endotoxin.  This  simila¬ 
rity  of  action  of  the  two  products  Is  striking.  Let  us  recall  +hat  the 
states  of  Intoxication  caused  by  all  exotoxlns  are,  on  the  other  hand, 


t  ,  '■  ■ 

&»;V’  '  characteristic  of  them. 

•  Jp' 

-r  ;  2.  The  toxic  power  of  any  endotoxin  whatsoever  operates  with  ex- 

(■  frame  I y  great  rapidity.  No  incubation  time  Is  observed  here.  Less  than 

ijiL  an  hour  after  the  subcutaneous  Injection  of  a  simply  subletha!  dose  of 

.<  '-ilpi'  the  poison,  clear  signs  of  Intoxication  are  already  found.  The  state 
X V'.of  Intoxication  rapidly  becomes  worse.  In  a  guinea-pig  treated  with  a 
y  ' strong  dose  it  Is  deepest  at  the  end  of  five  to  eight  hours.  At  this 
1  i:,f  time,  two  eventualities  may  occur:  either  the  animal  dies,  or  It  ra- 
> »,  '  ■  pldly  regains  a  normal  state.  It  may  be  said  that,  as  a  general  rule, 
an  animal  that  has  been  able  to  hold  out  for  twenty-four  hours  against 
V-'-  the  harmful  action  of  the  endotoxin  Is  saved.  This  remark  seems  to 

-  us  to  be  of  primary  Importance.  We  shall  soon  show  why. 

1.1  ^  .*  ..  *• 

*'**$['"  3.  Weak  and  repeated  does  of  an  endotoxin  often  spare  the  ant* 

V,  ... ,;r.s  mat's  life,  but  cause  a  very  appreciable  state  of  emaciation.  This 
;.y  fact,  which  was  well  observed  by  Professor  Usbonne  shortly  before  his 
'r.’foi'fa  death  (personal  communication),  has  not  yet  been  explained. 

,  ’  ’  '  ' 

>^ii  w  Under  certain  conditions,  an  endotoxin  is  capable  of  losing  part 

*  “  or  all  of  Its  toxic  power. 

•',t  This  loss  may  be  owing  to  a  modification  of  the  endotoxin  Itself. 

7  _  ,  Thus,  an  endotoxin  that  has  been  kept  under  refrigeration  for  months 

always  turns  out  to  be  less  harmful  than  at  the  time  of  Its  preparation. 

It  Is  probably  also  possible  to  attenuate  or  eliminate  the  toxicity  of 
':  >■  J'  ®n  endotoxin  by  acetylation.7 

U'V  . 

V,  ;  .  ’,  More  often,  a  decrease  In  the  toxicity  of  the  product  merely  ex- 

1  *  'presses  an  Increase  In  the  organism's  resistance.  The  subject's  age 
v appears  to  have  no  effect  whatsoever  on  the  value  of  this  resistance,1 
y... yi On  the  contrary.  It  probably  depends,  to  a  certain  extent,  on  the  animal's 
:V’«  ^  state  of  nutrition.  Thus,  the  toxicity  Is  greater,  when  the  tissues  are 
*  .  ;  rich  In  ascorbic  acid.*  Finally,  It  is  possible  to  strengthen  very  de- 

.  V  finitely  Immunity  against  endotoxins  by  means  of  a  specific1*,  and  even 

V'  VVf‘  non-specific11,  tnmunlzatlon  against  endotoxins. 

4 

*'(  < 

) \  In  addition,  various  studies  seemed  to  show  that  sulfonamides1* 

and  penicillin1*  are  probably  capable  of  neutralizing  the  harmful  action 
-  of  these  poisons,  at  least  to  a  certain  point. 

r  ;• . 

i  ’  '  V  In  any  case,  this  same  action  may  be  conveniently  attenuated  by 

v|  .  Introducing  the  products  Into  the  organism  In  a  mixture  with  an  adjuvant 
i  •  >  .y  v  substance.  We  have  had  many  opportunities  to  verify  this  fact  perso- 
’  ]Zy  y  v  nally. 

?■  ■■'  ■  '  *  ... 

,  ( v.  Several  authors  have  wondered  whether  the  toxicity  of  the  gluco- 

llpo-polypeptldlc  complexes  was  linked  to  the  entire  complex  or  only  to 
a  part  of  this  complex.  So  far,  their  studies  have  only  led  to  contra- 
,  dlctory  result*.11 
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;V  III.  Let  us  now  examine  the  lesions  discovered  In  animals  that 

' '  died  after  an  Injection  of  endotoxin.  They  have  been  described  very 
V.  often. 

After  abdominal  laparotomy,  we  are  struck  by  the  appearance  of 
ft}  the  small  Intestine,  which  Is  distended  by  a  yellowish,  often  hemorrha- 
<,v  gtc,  liquid  and  which  contains  In  suspension  numerous  epithelial  cells 
Y that  are  more  or  less  altered.  Isolated  or  assembled  In  layers  (desqua- 
^  .matlon).  The  P6yer’s  patches  are  very  heavily  congested  (In  the  rabbit 
i \  they  stand  out  like  small  raspberries  on  the  Intestinal  mucous  membrane)1*, 
.  and  the  mesenteric  ganglia  are  swollen,  often  even  hemorrhagic.17  The 
}  ;  spleen  has  Increased  in  volume.  Local  foci  of  congestion  and  edema,  and 
hemorrhages  are  also  found  on  the  lungs  at  the  opening  of  the  thorax. 

r„ 

/-  All  these  lesions  show  up  still  more  clearly  on  microscopic  exa- 

^ymlnatlon  of  the  tissues.  The  capillaries  of  the  lungs  are  dilated  and 
rirt  ful  I  of  neutrophils  and  lymphocytes.18  Edema,  hemorrhages  and  necrosis 
Y- *  foci  (often  lacking  any  Infiltration  by  polymorphonuclears)19  are  found 
.ft  In  the  liver.  Congestion  and  edema  are  also  very  evident  In  the  spleen, 

‘  Y*  whose  sinuses  are  dilated.  In  all  the  ganglia.  In  the  cardiac  muscle, 

>  In  the  kidneys.  In  the  brain.  In  the  spinal  cord,  etc.  Vascular  throm¬ 
bi;,  boses  are  extremely  frequent  at  every  point.20  Congestive  and  hemorrha- 
/I  glc  foci  are  particularly  large  In  the  suprarenal  capsules.21  As  an  In- 
terestlng  fact,  a  rapid  disappearance  of  the  chromaffin  substance  has 
,  Y  been  observed  In  poisoned  animals.22  Finally,  a  congestion  and  hyper- 
!Hr‘  plasla  of  the  bone  marrow  have  been  noted. 

The  hemorrhag I  parous  tendency  of  bacterial  endotoxins  was  well 
demonstrated  by  the  studies  of  Zahl  and  his  colleagues.23  It  Is  known 
Y  that,  when  certain  filtrates  of  mlcroblan  cultures  are  Injected  in  anl- 
:  ,/Yfnais  that  have  tumors,  they  very  often  cause  hemorrhages  In  these  tumors 
and,  at  the  same  time,  sometimes  bring  about  their  complete  regression. 

Zahl  was  able  to  Identify  the  bacterial  substances,  active  In  this 
y  case,  with  endotoxins.  Actually:  a.  the  most  powerful  preparations  are, 
os  a  general  rule,  the  ones  that  come  from  gram-negative  bacteria;  b.  they 
also  are  the  ones  that  contain  endotoxins;  c.  finally,  endotoxins  by  them- 
/;.  selves  are  perfectly  capable  of  causing  hemorrhages  In  tumors. 

•  *  During  their  studies,  the  authors  found  some  exception,  however. 

For  example,  the  toxic  extracts  of  some  gram-negative  bacteria  —  among 
others  the  plague  bacillus  —  are  not  hemorrhag! parous.  On  the  con¬ 
trary,  certain  extracts  of  gram-positive  bacteria  —  some  strains  of 
Llsterella  —  may  sometimes  produce  intratumoral  hemorrhages,  although 
they  contain  no  endotoxin. 

Several  observations  have  demonstrated  the  frequency  of  abortions 
In  subjects  afflicted  with  typhoid  fever  or  cholera.24  According  to  all 
likelihood,  these  accidents  result  from  retroplacental  hemorrhages  caused 


■  .,;!.  •  . 

.  4/i&  *"' 

_*fc.  •  ' 

iV  by  the  endotoxins  of  the  Infecting  bacteria.25 

/  We  shall  conclude  this  enumeration  of  the  lesions  caused  by  endo- 

r  toxins  by  pointing  out  that  these  poisons  may  determine  the  appearance 
,  of  tumors  In  plants.26 

'■  ,  IV.  An  Important  question  Is  now  put  to  us.  How  are  these  le- 

slons  caused?  Since  ft  Is  primarily  a  question  of  hemorrhagic  lesions 
.  ‘  ^  (edema,  congestion,  more  or  less  large  hemorrhages,  thromboses  and  subse- 
.  r‘  quently  necroses),  must  endotoxins  be  considered  as  vascular  poisons? 

H  Numerous  authors  have  thought  so.27 


‘jf  However,  It  appears  to  us  difficult  to  admit  that  here  we  are 

^  faced  with  a  direct  attack  on  the  vessels  by  the  endotoxins.  Actually, 

'  the  very  numerous  experimental  data  collected  during  these  last  few  years 
are  all  In  agreement  to  show  that  endotoxins  do  not  have  a  pronounced 
j.  Irritant  power  for  cells,  regardless  of  what  ceils  may  be  involved. 


a.  At  any  rate,  they  are  not  leukocldins.  Polymorphonuclears 
;  i  that  have  been  kept  for  hours  In  a  serum  medium  containing  a  large 
’  ,.!■  amount  of  endotoxin  remain  capable  of  moving  towards  the  chemical  sub- 
V‘  stances  that  normally  attract  them,26  of  phagocytlzlng25  and  of  breath- 
"  Ingso.  On  the  con^-ary,  the  respiratory  metabolism  of  these  cells  appears 
to  be  Increased  slightly  by  contact  with  an  endotoxin.  The  cJ*er  phago- 
.  cytes  —  histiocytes,  macrophages  and  cells  of  the  retlculoenuothel lal 
system  —  do  not  appear  to  be  harmed  by  the  same  bacterial  poison  either. 
fW  They  continue  properly  to  phagocytlcize  foreign  microbes  and  colloids, 

*,  even  within  organisms  deeply  poisoned  by  endotoxins.31 


Moreover,  endotoxins  have  no  hemolytic  power. 


b.  In  addition,  the  action  of  these  same  products  on  the  respira¬ 
tory  metabolism  of  different  cells  has  been  studied.  While  E.  Boy'and 
and  M.  E.  Boyland  were  observing  some  fragments  of  experimental  rat  tu¬ 
mors,  they  noted  a  slight  reduction  In  respiration,  when  the  fragments 
were  put  in  the  presence,  in  intro,  of  filtrates  of  Eberth’s  bacillus.3"' 
On,  the  other  hand,  according  to  M.  E.  Del  afield  and  H.  A.  Smith,  the  en- 
d^hoxln  of  Aertryck’s  bacillus  Introduces  no  disturbance  In  the  normal 
consumption  of  oxygen  by  cerebral  or  muscular  cells.33 


c.  The  experiments  made  on  tissue  cultures  seem  still  more  In¬ 
teresting  to  us.  Barg  observed,  for  example,  that  an  extremely  large 
amount  of  Shiga's  bacillus  toxin  was  needed  to  Inhibit  the  growth  of 
tissues  in  vitro  and  that,  even  under  those  conditions,  the  lesions 
caused  had  nothing  specific.311 

In  the  same  order  of  ideas,  the  results  obtained  by  C.  J.  Shapi¬ 
ro  are  worth  pointing  out.35  Since  this  author’s  attention  had  been 
struck  by  the  hemorrhagic  and  necrotizing  action  of  a  polysaccharide 
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extract  of  S.  enteritidis  on  rat  tumors,  he  attempted  to  find  the  same 
action  of  the  extract  on  young  cancerous  cells  cultivated  in  vitro. 

But  he  failed.  The  bacterial  extract  Turned  out  to  be  without  action 
;’■£«  vitro,  regardless  of  whether  It  was  added  to  the  culture  alone  or 
In  a  mixture  with  the  plasma  of  cancerous  rats. 

Our  personal  results  agree  perfectly  with  the  findings  of  Barg 
and  Shapiro.56  While,  with  a  definitely  necrotizing  toxin  in  vivo,  like 
•the  staphylococcic  exotoxln  or  the  exotoxln  of  B.  perfringene ,  It  proves 
to  be  very  easy  to  kill  cells  in  vitro  directly  —  and  even  by  resorting 
;to  relatively  weak  doses  of  poison  — ,  we  had  +o  use  very  strong  doses 
'/.of  typhus  endotoxin  and  operate  under  very  violent  condlt'ons  to  dls-  V 
turb  the  development  of  our  cultures  of  f I brot I asts-macrophages . 

*  '  < 

According  to  all  these  results  —  and  also  taking  Into  account 
the  rapidity  with  which  these  lesions  are  produced  In  the  organism  —  • 

It  appears  to  be  quite  Impossible  to  make  the  lesions  observed  In  the 
’>■  Intoxicated  animals  depend  on  a  direct  attack  on  the  tissues.  In  the 
manner  of  a  caustic,  by  endotoxins.57  Therefor*,  It  Is  necessary  to 
' :t  look  In  another  direction  for  the  pathogenesis  of  these  lesions. 

V.  Then  a  plausible  explanation  comes  to  mind.  Do  not  the  le- 
|  slons  In  question  result  from  certain  humoral  and  nervous  disturbances 
/that  originate  In  the  poisoned  subjects?  A  priori,  the  fact  seems 
{  likely.  Let  us  rse  what  the  nature  of  these  disturbances  might  be. 

1 .  Ie  it  a  oysetion  of  a  humoral  reaction?  A.  Penner  and  A.  I. 
Bernhelm38  thought  so.  According  to  them,  the  endotoxin.  Injected  Into 
the  organism,  probably  Is  limited  to  bringing  Into  play  a  hypersecretion 
of  adrenalin.  When  this  hormone  Is  released  abruptly  and  In  high  doses, 

-••  It  probably  causes  a  generalized  arterlospasm  which  suffices  to  account 
for  all  the  vascular  manifestations  then  observed:  edema,  congestion 
.  and  hemorrhages.  This  point  of  view  has  received  so  far  —  at  least  to 
our  knowledge  ~  neither  Invalidation  nor  confirmation.  As  far  as  wa 
\  are  concerned,  we  do  not  think  that  the  state  of  Intoxication  caused  by 
an  endotoxin  can  be  entirely  reduced  to  a  simple  state  of  adrenalltlc 
shock.  Nevertheless,  the  conception  of  the  American  authors  Is  Inte- 
resting,  for  It  contributes  to  attracting  attention  to  the  possible  dis¬ 
turbances  of  the  neurovenetative  system  In  animals  ireated  with  an  endo- 
;  ’toxin. 

,i  ■ 

2.  It  really  can  hardly  be  doubted  any  longer  that  this  neuro - 
'*■  vegetative  euetem  Is  capable  of  reacting  In  contact  with  the  endotoxin 

•  ,  (by  Introducing  ipeo  facto  serious  disorders  In  the  organism. 

f-  V  :i  ; 

■t«  a.  Thus,  In  1940,  P.  Gastlnel  and  J.  Reilly59  were  able  to  cause 

1  tonsldcrabie  congestive; lesions  to  the  Intestine,  a  hypertrophy  of  Payer* 
patches,  an  Infarction  of  The  meseterlc  ganglia,  merely  by  depositing  a 
small  amount  of  typhus  endotoxin  on  the  splanchnic  nerve  or  by  Injecting 
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the  poison  Into  the  mesenteric  ganglion. 

b.  On  his  part,  R.  Laplana40  succeeded.  In  1945,  In  causing  typi¬ 
cal  arteritis  lesions  experimentally  with  the  typhus  endotoxin.  Now, 

for  Lap  lane,  everything  Indicates  that  the  endotoxin  caused  those  lesions, 
not  directly,  but  by  Irritation  of  the  adventitial  sympathetic  system. 

c.  We  shall  also  mention  the  studies  made  by  6.  Tardleu41.  When 
.  this  author  Injected  dogs  ventrlcularly  with  weak  doses  of  typhus  endo¬ 
toxin,  he  reproduced  in  the  animals  the  principal  symptoms  of  typhoid 
fever,  that  Is  to  say,  stupor,  disturbances  of  the  tonus,  hyperthermia, 
renal  signs,  emaciation,  diarrhea,  etc. 

d.  Finally,  during  these  last  few  years,  several  observations  have 
come  along  to  emphasize  the  frequency  of  an  attack  on  the  nervous  system 
during  typhoid  fever.  In  particular,  numerous  cases  of  typhlc  encepha¬ 
litis  have  been  found  recently  In  the  south  of  France.42  Since  some  of 
these  cases  have  had  a  fatal  outcome,  It  has  been  possible  to  moke  an 

V  •<  accurate  histological  examination  of  the  patients'  brains.42  This  exa- 
tn  I  nation  brought  to  light,  particularly  In  the  hypothalamus  area,  extreme¬ 
ly  definite  circulatory  reactions  (edema,  congestion,  hemorrhages),  accom¬ 
panied  by  a  degenerescence  of  the  glial  and  neuronal  cells  and  by  neuro- 
f glial  reactions. 

' '  e.  The  possibility  of  an  Interference  with  the  neurovegetative 

,  system  In  the  genesis  of  the  lesions  that  we  are  studying  here  has  also 
been  taken  Into  account  abroad.  In  this  respect,  we  shall  mention  the 
recent  study  by  P.  A.  Zahl  and  S.  H.  Hutner.  According  to  those  two 
•  Americans,  the  modalities  of  this  Interference  might  differ,  moreover, 
from  one  animal  species  to  another.  In  the  mouse  and  the  guinea-pig, 
the  endotoxin  probably  stimulates  primarily  the  parasympathetic  system. 

Let  us  add  here  that,  according  to  Professor  Topley,  an  injection  of  In¬ 
sulin  often  aggravates  the  state  of  Intoxication  produced  In  the  mouse 
by  an  endotoxin.42  On  the  other  hand.  In  the  rat,  the  cat,  the  rabbit 
and  man.  It  is  probably  basically  a  question  of  a  sympathetlcotonia. 

Zahl  and  Hutner  have  adduced  a  certain  number  of  arguments  In  support 
of  their  thesis.  We  shall  have  nothing  to  say  about  them  here;  we  shall 
await  an  opportunity  to  discuss  them  In  detail  subsequently. 

VI.  Very  briefly  set  forth42,  these  are  the  main  facts  that  have 
a  I  randy  been  assembled  on  the  method  of  action  of  endotoxins.  We  can 
summarize  them  as  follows; 

t 

" ,A 

I.  Bacterial  endotoxins  behave  Ilka  toxic  substances  for  mammals. 

-'t.  In  animals  Whose  death  they  have  caused,  we  ereeapacleHT 
v  streak  by  the  teutons  that  express  an  attack  on  the  vessetli  edada,  con- 

gest  I  on  ,n  'hemorrhages .  /  K 

'  '  f  \  '  v 
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In  all  likelihood,  these  lesions  are  not  secondary  to  a 
rect  change  In  the  walls  of  the  vessels  by  the  endotoxin. 


dl- 


-"C4.  They  are,  rather,  the  work  of  an  excessive  reaction  by  the 
organism  In  contact  with  the  poison. 


But  what  Is  the  exact  nature  of  th 


hYa-react 


Ion? 


These  questions  have  not  yet  been  well  elucidated.  We  have  been 
devoted  to  solving  them  since  1941.  Today  we  are  beginning  to  publish 
the  results  that  we  have  obtained. 
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